The previously unknown crystal structure of barium perchlorate anhydrate, determined and refined from laboratory X-ray powder diffraction data, represents a new structure type. The title compound was obtained by heating hydrated barium perchlorate [Ba(ClO 4 ) 2 ÁxH 2 O] at 423 K in vacuo for 6 h. It crystallizes in the orthorhombic space group Fddd. The asymmetric unit contains one Ba (site symmetry 222 on special position 8a), one Cl (site symmetry 2 on special position 16f) and two O sites (on general positions 32h). The structure can be described as a three-dimensional polyhedral network resulting from the corner-and edge-sharing of BaO 12 polyhedra and ClO 4 tetrahedra. Each BaO 12 polyhedron shares corners with eight ClO 4 tetrahedra, and edges with two ClO 4 tetrahedra. Each ClO 4 tetrahedron shares corners with four BaO 12 polyhedra, and an edge with the other BaO 12 polyhedron.
The previously unknown crystal structure of barium perchlorate anhydrate, determined and refined from laboratory X-ray powder diffraction data, represents a new structure type. The title compound was obtained by heating hydrated barium perchlorate [Ba(ClO 4 ) 2 ÁxH 2 O] at 423 K in vacuo for 6 h. It crystallizes in the orthorhombic space group Fddd. The asymmetric unit contains one Ba (site symmetry 222 on special position 8a), one Cl (site symmetry 2 on special position 16f) and two O sites (on general positions 32h). The structure can be described as a three-dimensional polyhedral network resulting from the corner-and edge-sharing of BaO 12 polyhedra and ClO 4 tetrahedra. Each BaO 12 polyhedron shares corners with eight ClO 4 tetrahedra, and edges with two ClO 4 tetrahedra. Each ClO 4 tetrahedron shares corners with four BaO 12 polyhedra, and an edge with the other BaO 12 polyhedron.
Chemical context
The alkaline earth metal ions (Mg, Ca, Sr and Ba) have been of increasing interest as ion carriers for post Li ion batteries (Wang et al., 2013) , and their perchlorates are often used as conventional organic electrolyte salts for electrochemical cells such as magnesium (Amatucci et al., 2001; Levi et al., 2010) and calcium ion batteries (Padigi et al., 2015) . Since such salts adsorb water easily from the atmosphere and the water causes unwanted side reactions in the electrochemical cells, removing water from the salts and its confirmation before use would be very important. However, due to the difficulty in growing a single crystal of such anhydrous perchlorates, no crystal structure had ever been solved before we first identified the magnesium perchlorate structure from powder X-ray diffraction data (Lim et al., 2011) . Barium perchlorate is a very strong oxidizing agent due to the high oxidation state of chlorine VII, and it is commonly stabilized as hydrate forms in the atmosphere. Several different forms of the hydrates are expected to exist, as observed in the magnesium analogues (Robertson & Bish, 2010; West, 1935) . The crystal structure of the trihydrate form was determined from single-crystal data (Gallucci & Gerkin, 1988) , but the anhydrous form, Ba(ClO 4 ) 2 , has not been reported to date. We present here its crystal structure, as determined and refined from laboratory powder X-ray diffraction data (Fig. 1) . This is the second crystal structure reported among the anhydrate alkaline earth metal perchlorates.
Structural commentary
Anhydrous Ba(ClO 4 ) 2 crystallizes in a new structure type in terms of atomic ratios (1:2:8) and its polyhedral network is, to ISSN 2056-9890 our knowledge, unique. The asymmetric unit contains one Ba (site symmetry 222 on special position 8a), one Cl (site symmetry 2 on special position 16f) and two O sites (on general positions 32h). The crystal structure is illustrated in Figure 1
X-ray Rietveld refinement profiles for Ba(ClO 4 ) 2 recorded at room temperature. Crosses mark experimental points (red) and the solid line is the calculated profile (green). The bottom trace shows the difference curve (purple) and the ticks denote expected peak positions. The local environment of the Ba 2+ cation (green sphere) surrounded by (ClO 4) tetrahedra (yellow). [Symmetry codes: (i) x + hedron. The oxygen atoms in a ClO 4 tetrahedron consist of two O1 and two O2 ones. O1 is bonded to three atoms, one Cl and two Ba atoms, forming an almost planar environment. On the other hand, O2 is bonded to only two atoms, Cl and Ba. Selected bond lengths are given in Table 1 .
It is interesting to see the significant difference in crystal structures between Ba(ClO 4 ) 2 and Mg(ClO 4 ) 2 due to the difference in the cation radii, 1.61 Å for Ba 2+ and 0.72 Å for Mg 2+ (Shannon, 1976) . The much bigger cation, Ba 2+ , is coordinated by eight ClO 4 tetrahedra, while the magnesium is coordinated by only six. Accordingly, the repulsion between two cations of Ba 2+ -Cl 7+ must be much weaker that that of the magnesium compound since the interatomic Ba-Cl distances of 3.55-4.06 Å are much longer than that (3.3 Å ) of Mg-Cl for the same charges. This might be a reason why magnesium perchlorate is much more highly reactive with water when exposed to the atmosphere.
The empirical expression for bond valence, which has been widely adopted to estimate valences in inorganic solids (Brown, 2002) , was used to check the Ba(ClO 4 ) 2 crystal structure. The bond-valence sums (Brown & Altermatt, 1985; Brese & O'Keeffe, 1991) 
Synthesis and crystallization
The anhydrous form of barium perchlorate was prepared by dehydration from Ba(ClO 4 ) 2 ÁxH 2 O (97%, Aldrich). The powder was thoroughly ground in an agate mortar and put into the bottom of a fused-silica tube with the other end sealed with a rubber septum. The tube was inserted into a box furnace through a hole on top of the furnace so that the bottom of the tube was at the center of the furnace inside, and the other end outside connected to a vacuum pump through a needle stuck into the septum. It was heated at a rate of 4K/min up to 423K for 6 h under continuous vacuum. After furnace cooling, powder sampling for X-ray measurement was processed in an Ar atmosphere glove-box, and a tightly sealed dome-type X-ray sample holder commercially available from Bruker was used to prevent hydration during measurement.
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 2 . The powder X-ray diffraction (XRD) data were collected at room temperature on a BraggBrentano diffractometer (PANalytical Empyrean) with a Cu K1 X-ray tube, a focusing primary Ge (111) monochromator ( = 1.54059 Å ), and a position-sensitive PIXcel 3D 2x2 detector, the angular range of 15 2 130 , step 0.0260 and total measurement time of 13 h at room temperature. The structure determination from the powder XRD data was performed using a combination of the powder profile refinement program GSAS (Larson & Von Dreele, 2000) and the single-crystal structure refinement program CRYSTALS (Betteridge et al., 2003) . For a three-dimensional view of the Fourier density maps, MCE was used (Rohlíček & Hušá k, 2007) . The XRD pattern was indexed using the program TREOR90 (Werner, 1990) run in CRYSFIRE (Shirley, 2002) via the positions of 20 diffraction peaks, resulting in an orthorhombic unit cell. The systematic absences suggested the space group Fddd. The structure determination was performed in the same way as in our previous work (Lee & Hong, 2008) where the details were described. At the beginning, a structural model with only a dummy atom at an arbitrary position in the unit cell was used. Structure factors were extracted from the powder data, then direct methods were used for the initial solution of the structure using SHELXS97 (Sheldrick, 2008) run in CRYSTALS, which yielded a couple of atom positions. However, not all the atoms could be identified at once. The partial model at this stage replaced the initial dummy-atom model, and was used for a Le Bail fit in GSAS. Then, improved structure factors were extracted, which were used for the improved data in the refinement in CRYSTALS. These processes were iterated until a complete and satisfactory structural model was obtained. Finally, Rietveld refinement was employed to complete the structure determination, resulting with reasonable temperature factors and an R wp factor of 0.06. Acta Cryst. (2015) . E71, 588-591 research communications Computer programs: X'Pert Data Collector and X'Pert HighScore-Plus (PANalytical, 2011), GSAS (Larson & Von Dreele, 2000) , SHELXS97 (Sheldrick, 2008) , CRYSTALS (Betteridge et al., 2003) and ATOMS (Dowty, 2000) .
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